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Table of contents 
 

Abbreviations and definitions 

DA  Decompression alone 
DF   Decompression with instrumental fusion 
DS  Degenerative spondylolisthesis 
EQ-5D  EuroQol 5-dimensional questionnaire utility index 
GPE   Global perceived effect 
ITT  Intention to treat 
LSS   Lumbar spinal stenosis 
NNT   Number needed to treat 
NRS   Numeric rating scale 
MI  Multiple imoutation 
ODI   Oswestry disability index 
PROM  Patient reported outcome 
SAP  Statistical Analysis Plan 
ZCQ   Zurich claudication questionnaire –score 
Follow-up score = time-point value for the actual score 
Change score = time point value – baseline value 
Percentage change score = [(time-point value – baseline value) / baseline value] *100% 
 
 

 

 

 

 

Justification for SAP revisions 

The main context of the present SAP is in accordance with the primary SAP, the published  

study protocol, and the first registration in CinicalTrials.gov January 10, 2014 

(IdentiferNCT02051374). The following clarifications are declared in updates to 

clincaltrials.gov:   

1. Update September , 2014 

Four exclusion criteria was recorded in the original protocol but were not recorded in first 

registration in Clinical trials. However, these criteria were used for enrolling  patients 

from the start of the study. The criteria added to the update were:  

1. Previous surgery in the level of spondylolisthesis; 2. Lumbosacral scoliosis of more 

than 20 degrees verified on AP-view; 3. Distinct symptoms in one or both legs due to 

other diseases, e.g. polynevropathy, vascular claudication or osteoarthtritis; 4. Radicular 
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pain due to a MRI-verified foraminal stenosis in the slipped level, with deformation of the 

nerve root because of a bony narrowing in the vertical direction. 

 

2. Update January, 2016 

From the start of inclusion (April 15, 2014) patients with ODI scores less than 25 were 

excluded. Due to experiences from participating surgeons that a considerable part of the 

patients were excluded due to ODI less than 25, even if their complaints from leg and 

back did justify an operation. To enhance the external validity of the study, the steering 

committee decided that from date 29th August 2015, the patients should not be excluded 

due to ODS- score lower than 25. 

 

3. Update September, 2017 

In accordance with the study “Follow-up score, change score or percentage change score 

for determining clinical important outcome following surgery?” the criteria for a clinical 

important outcome assessed by the primary outcome (ODI) was recorded.  

We also changed the plan for handling missing data in the primary outcome. Instead of 

using Multiple imputation we planned different ‘worse case – best case’ imputation 

scenarios for sensitivity analysis.  

 

Update January 2020 

After thorough discussions in the study group, and review of current literature, we decided 

to reintroduce the original planned method for handling missing data due to ‘lost to 

follow-up’. Patients without measurement available for dichotomizing into responder/non-

responder (ODI, ZCQ, NRS leg pain, and NRS back pain) will receive two-year follow-up 

scores estimated with use of Multiple Imputation.  

Statistical analyses: 

We have modified the plan for the statistical analyses according to the final SAP. Relative 

efficacy will be evaluated by use of a Full Analysis Set (FAS-MI) and a Per Protocol Set 

(PPS).  In the FAS-MI set missing scores necessary for the responder analyses will be 

imputed by use of Multiple imputation (MI). To recommend DA both the FAS-MI and the 

PPS analysis of the primary efficacy endpoint are required to show non-inferiority. Two 

sensitivity analysis will also be performed to evaluate relative efficacy; one using FAS 

including complete case analysis and one using FAS where missing values will be replaced 

with values at one year follow-up, if available. 
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To evaluate safety we will compare proportions of ‘Substantially deteriorated’ according to 

the GPE scale, ‘Complications and side effects’, ‘Reoperations’ and ’Volume of blood loss 

and blood transfusions’ 

 

In this update we have also recorded secondary outcome parameters described in the 

published original study protocol, but not previously recorded in Clinical trials. The last 

recorded outcomes are: 1) Duration of surgery; 2) Length of hospital stay; 3) Volume of 

blood loss and blood transfusions. 

The study status has been changed during the study period. The inclusion period has been 

prolonged from the first anticipated time of December 2016 to the actual endpoint of 

patient inclusion due to December 31, 2017. 

 
 

 

 

2 Introduction 
 

Background and rationale 

Degenerative spondylolisthesis (DS) is defined as a forward slippage of one vertebra over 

another without a disruption in the vertebral arch[2]. In most occasions the patients present 

symptoms  related to a concomitant spinal stenosis, typically back and leg pain in supine 

position[3, 4].  

Meta- analyses and systematic reviews have concluded with better clinical outcomes when 

decompression is combined with instrumented fusion [4-7]. A recently published randomized 

controlled trial (RCT) has supported this suggestion [8]. However, cohort studies [9-11] and 

another recently published RCT [12], have argued for the opposite conclusion; an additional 

fusion do not give superior clinical results when operating LDS. 

The 2-years results of the NORDSTEN-DS trial demonstrated non-inferiority of decompression 

alone compared with decompression and instrumented fusion. 

The present document describes the planned statistical analysis plan for the 5- year results of 

the NORDSTEN-DS trial, a randomized controlled trial (RCT), comparing the efficacy for 

decompression alone (DA) and decompression with instrumented fusion (DF). The statistical 

analyses plan for 5-year follow-up data is similar to the analyses of two-year follow-up data. 
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Objectives 

Main Objective  

The primary objective of the present study is to investigate whether the intervention-related 

difference in efficacy between decompression alone (DA) and decompression plus 

instrumented fusion (DF) 5 years after surgery, is large enough to justify the use of 

instrumentation. Our hypothesis is that decompression alone is non-inferior (“as good as”) 

decompression with instrumented fusion, in treatment of spinal stenosis with degenerative 

spondylolisthesis. 

The statistical analyses plan for 5-year follow-up data is similar to the analyses of two-year 

follow-up data. 

 

Secondary objectives 

Predictor analysis at 5-year follow-up 

To evaluate whether carefully selected radiological parameters and patient characteristics can 

be used to choose the most appropriate treatment; decompression alone or decompression 

with instrumented fusion. Detailed plan for the analysis is described in the published study 

protocol [1], and will not further be described in the present SAP. 

 

 

Analysis of cost-effectiveness of the treatments at 5 years follow-up. 

To investigate the cost-effectiveness of decompression alone relative to decompression with 

instrumented fusion. Details about this analysis will not be described in the present SAP. 

 

Analysis of Surgeon Opinion versus Random Allocation  

To analyse whether an agreement between a surgeon’s treatment preference (prior to 

randomization) and the random treatment allocation is associated with patient-reported 

outcome measurements (PROMs) 5 years after surgery.   
 

 

3. Study Methods  
 

Trial overview  
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The NORDSTEN-DS trial is a 1:1 block- randomized, controlled, multicenter, one-country, 

non- inferiority trial, with two parallel groups.  

The study is one of three trials in the NORDSTEN- study, a Norwegian multicentre study on 

patients with lumbar spinal stenosis. In NORDSTEN-DS decompression without fusion will 

be compared to decompression with instrumented fusion. 

Treatment groups 

Decompression alone: The midline (i.e., the spinous process and the interspinous 
ligaments) will be preserved and one of the following techniques will be used: 1) 
unilateral laminotomy; 2) bilateral laminotomy; 3) unilateral laminotomy and crossover 
decompression. Magnifying devices (microscope or loupes) will be used. 

Decompression and instrumented fusion: A decompression with or without 
preservation of the midline structures, and additional posterior pedicle screw 
instrumental fusion with or without an intervertebral cage. Magnifying devices 
(microscope or loupes) will be used. 

 

The SPIRIT checklist [13] has been used as a template for the Study protocol [1]. 

The statistical analysis plan is prepared in accordance with guidelines for Statistical analysis 

plans in clinical trials [14].  

The reporting of the trial will be based on an adapted Consolidated Standards of Reporting 

Trials (CONSORT) checklist for reporting non- inferiority trials[15]. 

The trial is monitored following the Helsinki Declaration, The International Conference on 

Harmonisation Guideline for Good Clinical Practice (ICH GCP) [16]. 

The protocol has been approved by the Norwegian Committee for Medical and Health Research 

Ethics Midt (2013/366). 

 

Randomization 

The computer generated randomization is block- permuted and centre- stratified. The system 

used for patient allocation was Medinsight - a registry tool developed for researchers and 

health professionals by Institute for Cancer Genetics and Informatics at Oslo University 

Hospital,  Norway. The patients are randomized in a 1:1 ratio to one of two arms (randomly 

selected block size 4 and 6). 

 After the patient has signed the informed consent form, the randomization is performed 

within 6 weeks before treatment. The computer generated randomisation procedure is 

concealed and administered by a central coordinator. 
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Details of block size, allocation sequence generation, and randomization, is unavailable to 

those who enrol patients or assign treatment.  

 

Sample size 

The sample size is computed by using the Blackwelder methodology for non- inferiority trials 

[17]. For the primary outcome, the study is designed to detect (β =0.2, α = 0.05) whether the 

responder rate is less than 15 percentage lower for the decompression alone group compared 

to the instrumented fusion group. Considering these assumptions and adding 10% for possible 

dropouts, a total of 128 patients are required in each group. Using Multiple Imputation for 

missing data, we consider power acceptable even with some higher dropouts at 5-year follow-

up. 

Framework 

Assessment of efficacy 

For the main objective, the study is designed to establish the non-inferiority of decompression 

alone compared to decompression with an additional instrumented fusion with regard to the 

‘responder’ rates. Test for non-inferiority will be performed for the primary efficacy outcome 

(ODI) and for responder rates assessed by the secondary outcomes NRS leg pain, NRS back 

pain and the Zürich Claudication Questionnaire.  

 

Rationale for non-inferiority testing  

Compared to decompression alone, the rate of decompression with instrumented fusion has 

increased significantly the last decades and has become the ‘standard treatment’ in many 

countries [18, 19].  Correspondingly, due to the more unfrequently use of decompression 

alone [18, 19] this technique is defined as the ‘alternative method’, although the method 

historically is the oldest method. 

In generally terms a non-inferior trial intends to test whether an ‘alternative treatment’ is not 

inferior to the ‘standard treatment’ or ‘control treatment’. In this study, we intend to test 

whether decompression alone is non-inferior to decompression with instrumented fusion. In 

other words we will investigate whether micro-decompression is ‘as good as’ or ‘not 

unacceptable worse than’ decompression plus instrumented fusion.  

An important prerequisite for a non-inferiority trial is that the standard treatment, which the 

‘alternative’ treatment is tested against, should be superior to placebo. It does not exist any 

papers that compare surgery and placebo (i.e., a sham procedure) in the treatment of DS. A 

modest grade of evidence exists for that decompression with instrumental fusion is better than 
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non-surgical treatment [12, 41].  Another criterion for conducting a non-inferiority study is 

that the alternative treatment has some obvious advantages compared to the standard 

treatment. Decompression alone is associated with lower perioperative complications and 

lower hospital costs than decompression plus fusion [57, 67]. Decompression alone should 

therefore be advocated if clinical outcomes are not unacceptable worse than for 

decompression with instrumented fusion. Unfortunately, a clinically reliable margin for 

‘unacceptable worse’ does not exist. Following thoroughly discussions in the study group, we 

defined the margin of non-inferiority to be an absolute difference of 15% in the responder rate 

(proportion of patients with a clinically important improvement). This margin corresponds to 

a number needed to treat of seven patients (NNT = 100/15 = 6.67). That means that for 

accepting the null hypothesis, less than seven patients need instrumented fusion to achieve 

one extra responder. If more than seven patients are needed, we considered the advantages of 

decompression (e.g., less invasive and cheaper) to surpass the disadvantages with 

instrumented fusion (e.g., higher complication rate). This margin is in accordance with a 

prospective, randomized, multicenter Food and Drug Administration investigational trial 

comparing lumbar total disc replacement and lumbar fusion in patients [20]. The principles of 

testing non-inferior are illustrated in figure 2.  

Figure 2. The 2 alternative results and conclusions for the primary outcome are illustrated. The 
bars indicate the difference in responder rate (DF minus DA) with 95% confidence interval 
limits.     
  
        No difference       Non- 

      inferiority margin 
 
 

         
       Non- inferiority accepted 

              

       Non- inferiority not accepted 

 

       
DA better  Difference in proportion of responders               DF better 
   
 

 

Blinding:  

0 0.15 1.0 - 1.0 
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The treatment given is not blinded for the patients. For analysis and testing of the efficacy 

variables, the statistician will be blinded for treatment adherence. 

 

 

Statistical interim analyses and stopping guidance 

Due to ethical considerations in agreement with the Norwegian Committee for Medical and 

Health Research Ethics Midt, an interim analysis for safety was performed when 75 patients in 

each group had completed the 12-month follow- up. If one of the proposed stop criteria were 

fulfilled the study would be terminated: 

1. The proportion of patients needing reoperation due to any condition in the operated 

level(s) is statistically significantly (p<0.05) higher in one of the groups. 

2. The proportion of responders in the DF group, assessed by the primary outcome 

measure, is higher than in the DA group by an amount of 0.20. 

An independent statistician blinded for treatment adherence would perform the interim 

analysis. Only data on reoperations and on the primary outcome measure (ODI) would be 

available to the statistician. Following the analysis, the statistician would inform the steering 

committee, via the central coordinator whether the study can continue. Further information 

about the analysis would not be disclosed or available by anyone else than the independent 

statistician until the main analysis at 2-year follow-up.  

 

Timing of final analyses 

The data collected between 2- and 5-year follow up will be inaccessible to the research group 

until all available 5-year follow-up participants has completed the 5-year questionnaire.. The 

Faculty of Research support, University of Oslo will declare this inaccessibleness and state 

which date the data has been accessible for the investigators. At that time, the primary and the 

secondary outcomes will be analysed. 

 

Timing of outcome assessment 

The study coordinators are responsible for the collection and administration of data at 

baseline and at 3-month follow-up. Data from 12-month 2-year, 5-year and 10-year follow-up 

is collected by the central coordinator at FORMI. All data will be stored at the Faculty of 

Research support, University of Oslo. Time schedule for assessment of data is presented in 
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Table 2. For data assessed outside the time frame a “Note to file” will be recorded in the 

patients’ Case Report Form (CRF). 

 

Table 2. Time points at which the outcomes are measured for the NORDSTEN/DS trial  

 Before 

operation 

Hospital 

stay 

3 months 

(±2 

weeks) 

12 months 

(±1 month) 

2 years 

(±2 

months) 

5 years 

(±3 

months) 

10 years 

(±3 months) 

Demographics X1       

Lifestyles X1       

PROMs X1  X X X X X 

X-rays X2   
 

X X X 

MRI scan X2       

CT scan     X   

Operation data  X      

Data from 

hospital stay 

 X      

Complications, 

reoperations 

 X X X X X X 

Abbrevations: MRI= Magnetic resonance imaging, CT= Computed tomography, AP= anterior- 
posterior, PROMs= Patient reported outcome measurements,  
1 Maximum 6 weeks prior operation date 
2 Maximum 6 months prior operation date 
 

4. STATISTICAL PRINCIPLES 
A significance level of 5% will be used throughout. For all analyses a 95% CI will be estimated 

and reported.  

Adherence and protocol deviations 

The trial is monitored following the Helsinki Declaration, The International Conference on 

Harmonisation Guideline for Good Clinical Practice (ICH GCP) [50]. An independent monitor, 

without influence on the scientific work, will be responsible for the monitoring. Due to the non-

regulated ICH GCP guideline for this trial (not including drug intervention) the risk and safety 

will be safeguarded at the same level as data quality. All informed consent forms will be 

checked and all registrations of serious events will be monitored. According to the monitoring 

plan selected variables will be checked. All hospitals will be visited regularly. Adapted versions 

of the ‘Investigator’s Site File (ISF)’ and the ‘Trial Master File (TMF)’ will be checked for 

essential documents during the trial. Queries and deviations will be recorded and reported, and 
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the coordinators at responsible hospitals have two months to send a written report with the 

required corrections to the monitor. All deviations from the protocol will subsequently be 

recorded at the ‘Note to file form’. Recorded deviations will be presented in the final 

manuscript, tables or in Supplementary.  

 

 

The patients have major deviations from protocol if they:   

 have not received operative treatment in accordance with randomized allocation. 

 have received operative treatment in accordance with randomized allocation and 

operated with a new operation at same level during the follow-up period. 

 have not provided informed consent.  

 have withdrew the informed consent and claimed their data withdrawn from analyses. 

 

According to deviations to protocol the following analysis sets are defined: 

  

Full Analysis Set (FAS): all randomised patients with primary operation according to the 

randomly assigned study treatment and with data on the primary outcome variable (ODI) at one 

or more time point. 

Per Protocol Set (PPS): All randomized patients without major deviations from protocol and 

with data on the primary outcome variable at baseline and -year follow-up.   

 

5 Trial population 
Sixteen Norwegian orthopedic and neurosurgical hospital departments participate in the study.   

Criteria for inclusion and exclusion are given in Table 2. 

Table2 
Inclusion criteria:  

To be eligible for the study the participants must:  

Exclusion criteria: 

The participants will be excluded from the study if they: 
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Be over 18 years of age. 

Understand Norwegian language, spoken and written. 

Have a spondylolisthesis, with a slip >=3 mm, verified 

on standing plain x-rays in lateral view.  

Have a spinal stenosis in the level of spondylolisthesis, 

shown on MRI, CT scan or myelogram. 

Have clinical symptoms of spinal stenosis as 

neurogenic claudication or radiating pain into the 

lower limbs, not responding to at least 3 months of 

qualified conservative treatment. 

Be able to give informed consent and to respond to the 

questionnaires. 

Are not willing to give written consent. 

Are participating in another clinical trial that may interfere with 

this trial. 

Are ASA- grade > 3. 

Are older than 80 years. 

Are not able to fully comply with the protocol, including 

treatment, follow-up or study procedures (psychosocially, 

mentally and physically). 

Have cauda equina syndrome (bowel or bladder dysfunction) 

or fixed complete motor deficit. 

Have a slip >=3 mm in more than one level.  

Have an isthmic defect in pars interarticularis. 

Have a fracture or former fusion of the thoracolumbal region. 

Have had previous surgery in the level of spondylolisthesis. 

Have a lumbosacral scoliosis of more than 20 degrees verified 

on AP-view.  

Have distinct symptoms in one or both legs due to other 

diseases, e.g. polynevropathy, vascular claudication or 

osteoarthtritis. 

Have radicular pain due to a MRI-verified foraminal stenosis in 

the slipped level, with deformation of the nerve root because of 

a bony narrowing in the vertical direction. 

  

  

MRI= Magnetic resonance imaging, CT= Computed tomography, AP= anterior- posterior, 

ASA = American Society of Anesthesiologists 

  

All patients surgeons consider eligible at the participating hospitals will be recorded. The 

surgeon records the results of the screening at the Screening Form. The Screening Form consists 

of boxes where each box represents one particular inclusion and exclusion criteria. If all 

inclusion criteria and no exclusion criteria are checked, a patient will be randomised and 

included in the study. The check for eligibility and the result of the randomisation will be 

recorded in an Inclusion Form. Mandatory before inclusion is a signed consent form.  

The result of the screening will be presented. A CONSORT flow chart is illustrated in Figure 

1. 

Figure 1 
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List of baseline data to be summarized 
Demographics and lifestyles 

 Age 
 Gender 
 Education (1-5), where ‘1’ indicates primary/ junior high school and ‘5’ indicate 

fulfilled degree of master.  
 Marital status 
 First language 
 Smoking habitus 
 Body Mass Index 
 Former spinal surgery 
 Duration of pain 
 Use of analgesics  
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Comorbidities 
American Society of Anesthesiologists (ASA) grade 
Diagnosis assumed to be relevant for the operation: Rheumatoid arthritis, Morbus Bechterew, 

Other rheumatoid diseases, Cox- or Gonarthrosis, Neurological disease, Cerebrovascular 

disease, Coronary heart disease, Vascular claudication, Chronic lung disease, Cancer, 

Osteoporosis, Diabetes Mellitus, Other endocrine disease, Other. 

Assessment of psychological distress 

Hopkins symptom check list (HSCL-25) is a self- reports questionnaire for assessment of 

psychological variables, will be collected preoperatively solely.  It includes emotional distress 

scores range from 1 to 4, with lower scores indicating less severe symptoms[21]. The scores 

will be used for descriptive presentation. 

Baseline PROMs 

 Oswestry disability index score 

 Zürich Claudication Questionnaire (ZCQ)  

 Numeric Rating Scale for leg pain 

 Numeric Rating Scale for back pain 

 EQ-5D score 

 Hopkins symptom check list (HSCL-25) 

Radiological parameters 

 Degree of spondylolisthesis at standing x-rays in millimeter [22] 

 Grading of spinal stenosis (Schizas A-D) [23] 

 Segmental instability[22] 

 Presence of foraminal stenosis [24] 

 Amount of facet joint fluid [25] 

 Orientation of the facet joint [26] 

 Disc degeneration [27] 

 Modic changes [28] 

 Disc height in the level of olisthesis [29] 

 Lumbal lordosis [30] 

 

Surgical data 
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 Level with spondylolisthesis 

 Number of level operated on  

 Method used for decompression 

 Method used for instrumented fusion 

       

 

6. Analysis  
Primary efficacy endpoint 

The 5-year primary efficacy endpoint is the proportion of patients (the responder rate) with an 

improvement of Oswestry Disability Index[31] (ODI) V.2.0[32] of more than 30% from 

baseline to 2 year follow-up. Based on former studies [33, 34] and a study from The 

Norwegian Registry for Spine Surgery, an individual ODI improvement of 30% or more from 

baseline to follow-up has been chosen as the cut-off for being a responder [35]. The 

difference in the proportions of responders will be estimated with the Newcombe hybrid score 

CI [36].The null hypothesis (H0) is that the responder rate in the decompression alone group 

(nDA) is at least 0.15 (15 percentage) lower (the non-inferiority margin) than for the 

instrumented fusion group (nDF); H0: nDF – nDA ≥ 0.15 [1, 20]. H0 will be tested by forming a 

95% confidence interval (CI) for the between-group difference in responder rate (responder 

rate DF minus responder rate DA) and will be rejected if the upper bound of the CI is below 

the non-inferiority margin of 0.15. The alternative hypothesis is that the decompression alone 

group is non-inferior, i.e., as good as, decompression with instrumented fusion; H1: H0: nDF 

– nDA < 0.15.  

The responder rates, the difference in responder rates and the number needed to treat (NNT= 

100 divided by the percentage difference in proportion of reponders) and the corresponding 

95% CIs will be presented and interpreted. 

Secondary key endpoints 

All results from analysis of secondary endpoints will be will be supplements to analyses of the 

primary efficacy endpoint, and discussed and interpreted accordingly.  

 

Mean scores at the Oswestry Disability Index 

For the continuous scores we will use linear mixed models to estimate mean differences in 

change scores and follow-up scores between the treatment groups were all follow-up 
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measurements from inclusion to 5-year follow-up will be included. Because most change from 

baseline is expected to occur the first three months, the time development in the linear mixed 

models will be modelled as piecewise linear, with a knot at 3 months. The models will include 

fixed effects for treatment group, time, treatment group x time interaction, and center 

(stratification factor in the randomization). A random intercept will be used, and – if possible – 

a random effect for treatment group. Results of the analysis will be presented and interpreted. 

Responder rates and mean scores for Zürich Claudication Questionnaire (ZCQ)  

 ZCQ is a self-completed disorder-specific functional score consisting of three domains: 

symptom severity, physical function and patient satisfaction. Non-inferiority will be tested with 

use of the Newcombe hybrid score CI for the difference in responder rate. Criteria for ‘success’ 

defined by Tulli et al. [37] will be used for dichotomizing patients into responders and non-

responders. The hypothesis testing and the non-inferiority margin will be equivalent to testing 

of the primary efficacy endpoint (ODI). 

We will use linear mixed models (see above) to estimate mean differences in change scores and 

follow-up scores between the treatment groups were all follow-up measurements from inclusion 

to 5-year follow-up will be included.  

Results of the analysis will be presented and interpreted. 

Responder rates and mean scores for Numeric Rating Scale (NRS) for back- and leg pain  

NRS is a PRO that assesses self-reported pain the patients experienced in the last week from 0 

(no pain) to 10 (the worst pain imaginable). Non-inferiority will be tested with use of the 

Newcombe hybrid score CI. The hypothesis testing and the non-inferiority margin will be 

equivalent to testing of the primary efficacy endpoint (ODI). Criteria for ‘success’, derived 

from the Norwegian registry for Spine Surgery, will be used for dichotomizing patients into 

responders and non-responders. The thresholds are defined as a ≥40% reduction in the NRS 

leg pain and a ≥33% reduction in NRS back pain. 

 We will use linear mixed models (see above) to estimate mean differences in change scores 

and follow-up scores between the treatment groups were all follow-up measurements from 

inclusion to 5-year follow-up will be included.  

Results of the analysis will be presented and interpreted  

Euroqol 5 dimensional descriptive system (EQ-5D) 

EQ-5D is a generic PROM that is self-completed and comprises 5 questions relating to mobility, 

self-care, usual activity, pain/discomfort, and anxiety/depression [38]. Each question has a 

three-point descriptive scale where 3 is the worst possible health. The scale ranges from -0.59 

to 1.0, with higher scores indicating better quality of life. We will use linear mixed models (see 
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above) to estimate the mean differences in change scores and follow-up scores between the 

treatment groups were all follow-up measurements from inclusion to 5-year follow-up will be 

included. 

Results of the analysis will be presented and interpreted 

Global Perceived Effect (GPE) scale  

Patient- rated satisfaction with treatment outcome will be assessed using single question with 

seven-point descriptive scaling with the answers ‘completely recovered’, ‘much improved’, 

‘slightly improved’, ‘unchanged’, ‘slightly worse’, ‘much worse’ and ‘worse than ever’ [39]. 

The GPE responses ‘completely recovered’ and ‘much improved’ will be categorized as 

‘substantially improved’ and the responses ‘much worse’ and ‘worse than ever’ as 

‘substantially deteriorated’. The treatment groups will be compared with use of the Fisher Mid-

P test, and the results will be presented and interpreted.  

 

Duration of operation 

Duration of surgery from skin incision to closure in minutes will be recorded. Student T-test 

with adjustment for unequal variance will estimate between-group differences, including 95% 

CI. The assumption of normal distribution will be checked by visual inspection of histograms 

and descriptive statistics. If major deviation from normally distributed data, median regression 

will be used for estimation of differences in medians, including 95% CI for the difference.  

Descriptive statistics and test statistics for between-group differences will be presented. 

Length of hospital stay 

Length of hospital stays after operation (days) will be analyzed and presented following similar 

statistical methods as for ‘duration of surgery’. 

  

Complications and side effects  

An independent research coordinator will record complications and adverse effects (Table 3), 

consecutively during the hospital stay. Complications during the follow-up period will be 

recorded by study coordinators at the CRF1- form. Group differences in continuous variables 

will be tested following similar statistical methods as for ‘duration of surgery’. Categorical 

secondary outcomes will be analysed with the Fisher mid-P test and the Newcombe hybrid 

score CI. All results regarding complications and adverse effects will be presented and 

interpreted. 

 Table 3. Complications and side effects to be recorded during the hospital stay  
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Perioperative Postoperative 

Dural tear Liquor leakage 

Nerve root lesion Superficial infection 

Operated on the wrong 
side 

Neurological deterioration 

Operated on the wrong 
level 

Hematoma requiring reoperation  

Cardiopulmonary 
complications  

Infection requiring reoperation 

Anaphylactic reaction Thromboembolic episode 

Blood transfusion Cardiopulmonary complications 

Other Urological complication 

 Wrong level/side revealed postoperatively 

 Blood transfusion 

 Other 

 

 

Reoperations 

Any new surgery in the lumbosacral column from the time of the index operation to follow-up 

will be recorded at the CRF-form. We will distinguish between an operation at the same level 

as the primary operation and an operation in a new segment. The reasons for a secondary 

operation will be recorded and presented. Group differences will be tested as for ‘Complications 

and side effects’ and presented and interpreted. 

 

 

 

Analysis methods 

All analyses described in this SAP will be applied and interpreted according to the 

description. All methods are considered a priori analyses in that they have been defined in 

ClinicalTrials.gov, the protocol and/or this SAP will be   If deviations between SAP, 

published protocol and ClinicalTrials.gov the SAP will be applied throughout.  All post hoc 

analyses will be identified as such when interpreting results.   
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Descriptive statistics, including measures of centrality and variability, will be used to describe 

the baseline characteristics of the two treatment groups. The assumption of normal distribution 

will be checked by visual inspection of histograms.  

 

Decision rules  

Efficacy 

The conclusion will be based on the efficacy analysis of the Full Analysis Set (FAS-MI), and 

the Per Protocol Set (PPS) at two-year follow-up [40]. In the FAS-MI set missing scores 

necessary for dichotomising patients into responders/non-responders will be imputed by use of 

Multiple imputation (MI). To recommend DA both the FAS-MI and the PPS analysis of the 

primary efficacy endpoint are required to show non-inferiority.  

In addition we will perform two sensitivity analyses. One with responder analysis of FAS 

without imputation (a complete cases analysis (FAS-CC)) and one with responder analysis of 

FAS, where missing values will be replaced with values at two year follow-up, if available 

(FAS 2-yearImp).  

Safety 

Mean group-differences in ’Volume of blood loss and blood transfusions’ and in proportions 

of ‘Substantially deteriorated’ according to the GPE scale, ‘Complications and side effects’ and 

‘Reoperations’, will be evaluated in accordance to safety of the treatments.  

Evaluation of costs 

Although cost-utility analyses are not part of the efficacy study, the secondary outcomes  

‘Duration of operation’ and ‘Length of hospital stay’ will be discussed in relation to costs of 

the treatments.    

 

6.2 Managing of missing data 

Although a strictly conducted study regarding routines for completing the follow-up 

questionnaires, some loss to follow-up is expected.  Under the assumption of missingness at 

random (MAR), missing values necessary for estimating responder rates at two-year follow-up 

will be imputed by Multiple Imputation. The MAR assumption for patients not replying PROM-

questionnaires is supported by a previous study from the Norwegian Registry for Spine Surgery 

[41]. Further, due to comprehensive set of available predictors for the imputation model, we 
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consider the MI method robust regarding bias estimates. The imputation model, using linear 

regression, will include the following explanatory variables: Baseline patient characteristics 

(age; gender; smoking; duration of pain), radiological parameters at baseline (degree of the slip; 

segmental instability;),  baseline and follow-up scores for ODI, NRS leg pain, NRS back pain, 

ZCQ,. The imputation will be carried out stratified by treatment (i.e., by treatment group 

separately) [42]. The multiply imputing will be performed before dichotomising, as 

recommended [43]. It will be generated 50 data sets with complete two-year follow-up scores 

for ODI, ZCQ, NRS leg pain and NRS back pain. Before the responder analyses, which include 

the Newcombe hybrid score CI, the imputed scores will be estimated based on the 50 aggregated 

data sets.  

Under the MAR assumption, the mean change and mean follow-up scores in continuous 

variables will be analysed by Linear mixed effect models, estimated with Full Information 

Maximum Likelihood.  
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